Background: Technical innovation in medical education is a new era that can augment students' problem-solving capabilities. Virtual patients (VPs) have a recognized position in this new era. Research is still ongoing regarding the role of VPs in the learning process of medical students. Aim: The aim of the study was to explore the perception of preclinical and clinical medical students toward VPs in problem-based learning environment. Methods: Thirty-one medical students, 21 preclinical (3 rd year) and 10 clinical (4 th year) from Sulaiman Al Rajhi Medical College, Saudi Arabia (first two patches), were enrolled in this cross-sectional study after their acceptance to participate. Necessary orientation was given prior to start by content experts; then, a curriculum-mapped standardized VP case was offered to each group. Following the completion of the VP case, each group had the same standardized validated VP questionnaire to assess their perception and attitude. Results: Respectively, 3 rd and 4 th year students had the following perceptions regarding VPs: 62% versus 70% considered it a useful learning experience, 48% versus 70% liked practicing it in small groups, and 60% versus 90% recommended incorporating it in upcoming year courses. Eighty percent of the clinical students considered VPs realistic. Clinical and preclinical students' perceptions toward VPs showed no significant difference in all questionnaire items. Conclusion: VPs had a positive impact on medical students and can be implemented in both pre and clinical settings to accomplish their study plan objectives.
INTRODUCTION
Patient safety and minimizing medical errors is a continuous target in all medical education programs. [1] VPs have the capability to train medical students on a wide spectrum of medical problems and to enable them to take safe medical decisions before their hospital practice and real patient contact through proper clinical reasoning and problem-solving skills. [2] In addition to safe training offered by VPs, prompt specific feedback could be given to the practicing students. This feedback is crucial to orient them about their weak points that need fixation and improvement for quality medical practice. [3] In real life, many obstacles limit students' learning opportunities including the increased number of medical students, relative deficiency in both training places and experienced faculty, in addition to continuous updates in medical knowledge, making it very challenging to cover all aspects of balanced medical curricula through real patient contact.
As a solution for the above limitations, VPs can fill the gaps and compensate for the deficiency of real cases and inaccessibility to proper training opportunities. [4] Based on the cumulative evidence, most of the medical curricula are nowadays shifting to student-centered learning where the student is the core of the learning process not only observing and receiving knowledge in a passive way but also actively participating in the learning process through problem-solving and communication skills.
Virtual patients (VPs) could be used as an effective medical education tool for achieving student-centered medical competencies such as knowledge, cognition, communication, and even psychomotor skills.
There is so little research conducted in Saudi Arabia in relation to the incorporation of VPs into problem-based learning (PBL) system and exploring both clinical and preclinical students' perceptions toward these VPs.
METHODS
This is a cross-sectional study conducted in Sulaiman Al Rajhi Medical College, Qassim, Saudi Arabia, that was approved by the college research and medical education units with final approval from the college vice dean of academic affairs.
Thirty-one medical students, 21 preclinical from the college's second patch (3 rd year) and 10 clinical, the whole 1 st patch (4 th year), agreed to participate in the study.
Students were oriented about the aim of the study, nature of the VPs as well as the study questionnaire.
The study was conducted in the college computer laboratory, and a VP case matching students' year curriculum was selected and offered by content experts in collaboration with the college medical education unit to each group. Necessary orientation was given by the content experts before offering each curriculum-mapped VP case to each group to practice it under their supervision.
VPs were directed to test the students' medical management approach, with the 3 rd year case related to the chest pain approach, while the 4 th year case related to the otitis media clinical approach.
Each VP case was composed of the usual clinical management steps, including history taking, physical examination findings, investigations, differential diagnosis, and the most probable final diagnosis, with each step followed by related interactive questions.
A validated five Likert scale questionnaire adopted from Maastricht University medical education department was used to record the students' perception regarding the following points: VPs as a useful teaching tool, general impression about VPs, practicing VPs in small groups, and recommending VPs for the upcoming courses, with an additional item offered only to the clinical group asking them about their perception regarding the reality of the case.
Statistical methods
Qualitative variables were presented as frequency and proportion, while the quantitative ones were presented as mean (M) ± standard deviation. Comparative analysis between 3 rd and 4 th year students' survey scores was done through the nonparametric Mann-Whitney U-test for detecting any significant score changes. P ≤ 0.05 was considered statistically significant. SPSS Statistics version 25 (SPSS Inc., Chicago, IL, USA) was used to perform the statistical analysis.
RESULTS
Respectively, 3 rd and 4 th year students had the following perceptions regarding VPs: 62 versus 70% considered it a useful learning experience, 48% versus 70% liked practicing it in small groups, and 60% versus 90% recommended incorporating it in the upcoming year courses. About 80% of the clinical students considered VP case realistic [ Figures 1 and 2 ]. Clinical and preclinical students' perceptions toward VPs showed no significant difference in all questionnaire items [ Table 1 ].
DISCUSSION
In the current study, the main outcome of interest was to investigate medical students' satisfaction toward VPs as an initial VPs research in our college, which is adopting the PBL system.
Quality hospital practice and patient-centered care are considered cornerstone components in almost all missions of medical programs and as priority competencies in worldwide medical education institutes. Achieving safe medical practice necessitates the preparation of undergraduate medical students in a safe learning environment (skill laboratory and medical simulations including VPs) for achieving the planned study objectives before the students' future practice. [5] Although skill laboratories had been incorporated into many medical programs, not only those adopting the PBL system but also those adopting discipline learning or hybrid systems, VPs are still lagging as an effective simulation tool in most of these programs.
VPs research is still a debatable area in the literature with a wide pool of research goals, such as the impact of VPs on achieving required knowledge, [6] [7] [8] [9] skills, [10, 11] its efficacy versus other traditional tools of education, [11, 12] comparison between VPs' different designs, [9, 13] evaluating students' attitudes, [14] [15] [16] and satisfaction after practicing it. [15, 17, 18] There are multiple ways to integrate VPs into medical curricula; in our study, we tested it as a formative teaching tool during a slot of students' self-directed learning followed by group discussion and interactive feedback.
VPs can achieve curriculum-based intended learning outcomes through different methodologies, including using it during skill laboratory training, interactive team-based learning, as a flipped learning tool, during self-directed learning as an electronic reference, or to have a mix of the previously mentioned ways of integration as the case in this study. [19] The main finding in the current study is that both preclinical and clinical students accepted VPs and considered it feasible and beneficial to their study, a finding that matches previous research done by Yang et al. , [20] where they investigated surgical VPs cases and concluded that VPs could be used in undergraduate surgical teaching and that students showed a positive experience after practicing it.
VPs' positive experience is also documented for other medical specialties including internal medicine which is another cornerstone subject in undergraduate medical curricula as highlighted by Jeimy et al. [18] where the students enjoyed VPs and considered it helpful for their practical experience.
In addition, the study showed that our students liked practicing VPs in a teamwork manner and hoped to incorporate it into their future medical subjects which also matches the conclusion that VPs are effective tools for continuous medical education and could close the gap in achieving medical competencies by medical students as highlighted by Lehmann et al. [21] An important observation in this study is that both clinical and preclinical students' positive perceptions toward VPs showed no significant difference in all questionnaire items, indicating that VPs can be helpful to achieve both basic and clinical intended learning outcomes.
Moreover, the clinical students in this study considered VPs realistic to their general practice which also matches the conclusion given by Sobocan and Klemenc-Ketis [22] where they recommend to incorporate VPs in primary care clerkships as VPs can closely simulate commonly encountered medical problems.
On the other hand, there are some limitations for VPs practice as highlighted by Kononowicz et al., [23] including technical issues, language barrier, inappropriate depth of knowledge incorporated, unrealistic designs, lack of universal benchmarking for each type of VPs, and its increased cost.
The discrepancy among studies regarding the students' perception toward VPs could be attributed to different research methodologies, heterogeneous VP formats, depth of knowledge variability, and degree of orientation about the value of medical simulation including VPs.
Limitations of the current study include its relatively small sample size; however, this was compensated by comparing two groups of students including both preclinical and clinical Future recommendation is to have larger multicenter studies and to follow-up students' perception after graduation to test the long-term effect of VPs on their medical practice.
CONCLUSION
VPs had a positive impact on medical students learning in a PBL environment and can be implemented and incorporated into both preclinical and clinical settings to achieve students' study plan objectives.
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